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Isothermal calorimetry operated in gas perfusion mode (IGPC) is often used to 23 quantify the amorphous content of pharmaceutical powders. Typically, the calibration 24 line is constructed using the heat of crystallisation as the sample is exposed to high 25 levels of a plasticising vapour. However, since the physical form to which the 26 amorphous fraction crystallises may be dependent on the presence of any crystalline 27 seed, the calibration line is often seen to be non-linear, especially as the amorphous 28 content of the sample approaches 100% w/w. Redesigning the experiment so that 29 the calibration line is constructed with the heat of adsorption is an alternative 30 approach that, because it is not dependent upon crystallisation to a physical form 31 should ameliorate this problem. The two methods are compared for a model 32 compound, salbutamol sulphate, which forms either a hydrate or an anhydrate 33 depending on the amorphous content. The heat of adsorption method was linear 34 between amorphous contents of 0-100% w/w and resulted in a detection limit of 0.3%
35
w/w and a quantification limit of 0.92% w/w. The heat of crystallisation method was 36 linear only between amorphous contents of 0-80% w/w and resulted in a detection 37 limit of 1.7% w/w and a quantification limit of 5.28% w/w. Thus, the use of heat of 38 adsorption is shown to be a better method for quantifying amorphous contents to 39 better than 1% w/w.
Introduction
47
Pharmaceutical powders are frequently milled to reduce their particle size distribution 
56
generated by milling may often be small (around 1% w/w) but occurring primarily on 57 surfaces its impact on the properties of the bulk powder can be significant. This is 58 especially true for dry-powder inhaler formulations, where aerosol performance is 59 contingent upon forces of adhesion and cohesion (Sharma et al, 2013 ), but may also 60 affect flow and blending of bulk powders. As a consequence it is important that 61 methods to quantify small (<1% w/w) amorphous contents are available.
62
Of the many techniques that show potential for such an assay, isothermal gas 
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The method has some limitations however. Because the crystalline fraction of the 75 sample will act as a seed, as the amorphous content of the sample increases, the 76 number of crystalline seed particles reduces (and in the case of the 100% 77 amorphous sample, there is no seed). One manifestation of this is that the calibration 
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Materials and Methods
94
Crystalline SS was supplied by Micron Technologies Ltd (UK) and was used as 
98
20%. The spray-dried sample was seen to be amorphous by X-ray powder diffraction
99
(data not shown). SS hydrate was prepared by holding SS on a watch glass in a 100 humidity chamber (100% RH) for 24h.
101
Experiments were performed with a gas perfusion accessory housed in a 2277 102 thermal activity monitor (TAM, TA Instruments Ltd, UK) operated at 25 o C. Samples
103
(10 ± 0.1 mg) were weighed directly into the stainless steel ampoule (5 mL volume).
104
Partially amorphous samples were prepared by dry-mixing appropriate mass ratios of 105 crystalline and spray-dried SS.
106
The gas perfusion accessory splits the incoming gas into two streams; one is routed 
144
gives the net change in heat (in mJ).
145
Starting with crystalline SS, the only process occurring should be adsorption (to a 146 greater extent during W 2 and W 4 ) during periods W 1-4 and desorption during D 2-4 (the 147 changes in heat should be equal and opposite to those of adsorption). Table 1 shows 148 these data and these trends are seen.
149
Conversely, the amorphous sample shows a much larger power during initial 160 1). Indeed, the heats of adsorption are actually smaller than that of the crystalline 161 reference sample, which is probably because the process of recrystallisation causes 162 particle fusion and so a decrease in total surface area.
163
The complexity of the data increases for partially amorphous SS samples. 
172
To determine the physical form of the sample during exposure to 95% RH, samples 
193
Calibration lines for amorphous content may be prepared from the data in Table 1 
201
Detection and quantification limits can be calculated from these data in several ways.
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